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EFFECT OF DISPLAY FORMAT ON ATTITUDE-MAINTENANCE PERFORMANCE
Motonori Yamaguchi
Department of Psychological Sciences, Purdue University
West Lafayette, Indiana
Robert W. Proctor
Department of Psychological Sciences, Purdue University
West Lafayette, Indiana
The present research examined the effect of display format, inside-out or outside-in, on performance of an attitudemaintenance task and secondary choice-reaction tasks among non-pilot participants. Some advantages for use of
outside-in format for the attitude display were obtained in the secondary task performance, though there were no
clear differences from the inside-out format display in the primary attitude-maintenance performance. Transfer from
one display format to the other led to difficulty in performing the task, suggesting caution when switching from the
conventional display format to a new format.
centered coordinate system is used for postural
control and spatial orientation.

Introduction
From a psychological perspective, it is generally
accepted that performance is better when a display is
designed to present information in a way that is
compatible with an operator’s cognitive representation (e.g., Andre & Wickens, 1990). In the aviation
industry, the conventional flight display presents the
flight attitude with the aircraft symbol being
stationary at the center of the display and the artificial
horizon moving with correspondence to the roll of
the aircraft. This display format is called inside-out,
as opposed to outside-in in which the artificial
horizon is stationary and the aircraft symbol moves
(Roscoe, Corl, & Jensen, 1981).

Patterson, Cacioppo, Gallimore, Hinman, and
Nalepka (1997) observed that pilots reflexively tilted
their neck to stabilize their head in relation to the
horizon when looking at the outside scene, indicating
that the horizon was being used as a reference for
their coordinate system. On the other hand, when
reading the attitude display in which the attitude was
indicated as the movement of the artificial horizon,
the neck reflex did not occur. Patterson et al.
suggested that when viewing the flight instrument,
the reference frame of the coordinate system was the
aircraft not the horizon.
Patterson et al. (1997) further argued that reading the
inside-out display requires pilots to switch from one
reference frame to the other, failure of which results
in spatial disorientation and increases the risk of
control-reversal errors. Previc and Ercoline (1999)
agreed with Patterson et al. (1997) and suggested that
the outside-in display is a more compatible format for
the attitude display than is the inside-out display.
They noted that, with the inside-out displays, novice
pilots tend to require longer training, and pilots make
control-reversal errors more frequently.

The basis of the adoption of the inside-out format in
contemporary flight-display design is the belief that
the correct display format is an “exact analog of what
would be viewed” from the cockpit window (Roscoe
et al., 1981, p. 343). That is, as pilots operate the
attitude of the aircraft, the scene from the cockpit
window would be of the horizon moving; hence, the
inside-out format is assumedly more compatible with
the view of the pilots than is the outside-in format.
However, Roscoe et al. (1981) questioned whether
the apparent motion relationship between the aircraft
and the actual horizon outside the aircraft is retained
when pilots view the small attitude display inside the
cockpit. According to Previc’s (1998) model of
spatial representation, 3-D space can be partitioned
into four distinct domains, each having specific
functions for a person’s spatial interaction with the
environment, and different coordinate systems are
used for different spatial domains. For instance, when
one is visually searching for an object, spatial
representations are constructed based on a viewercentered coordinate system, whereas an earth-

Similarly, Cohen, Otakeno, Previc, and Ercoline
(2001) conducted experiments in which their
participants were to maintain the attitude of the
aircraft at the wings-level with inside-out and
outside-in displays in a flight simulator. Their results
suggested that for non-pilots performance was better
(i.e., more stable) with the outside-in display than the
inside-out display. Cohen et al. argued that the
outside-in display is more intuitive and compatible
with spatial representation for the attitude maintenance task than is the inside-out display, supporting

776

these displays were colored to indicate the sky and
ground, which has been widely adopted as the
standard design for glass cockpits. This design made
it easier for participants to segregate the figure and
background than did the design of the display used by
Cohen et al. (2001). Hence, the differences in
configurations and confusability of figure-ground
relationship involved in Cohen et al.’s study were
minimized.

Previc and Ercoline’s (1999) suggestion that the
outside-in format is generally superior to the insideout format for the attitude display.
Nevertheless, there are a number of possible concerns
about the method of Cohen et al.’s (2001) study.
First, the attitude displays used in their study differed
not only in format (inside-out or outside-in) but also
in configuration. Specifically, their outside-in display
consisted of a circular banking gauge in which the
aircraft symbol rotated and its wings indicated the
roll angle. On the other hand, their inside-out display
consisted of a number of line segments aligned
vertically, which rotated to indicate the roll angle
while the aircraft symbol stayed at the center of the
screen. Also, the size of aircraft symbol relative to
the attitude display was much larger for the outsidein display than for the inside-out display. Given these
differences in the two displays, one might suspect
that the differences in performance for the display
formats observed for non-pilots may have been due
to the differences in display configurations.

Additionally, the present study also explored the
phenomenon called stimulus-response compatibility
(SRC; Proctor & Vu, 2006). The SRC effect is
measured as the difference in reaction time (RT)
between two stimulus-response (S-R) mapping
conditions. This phenomenon is observed in psychological experiments in which one of two stimuli (e.g.,
a circle on the left or right on the screen) is presented,
and participants are to make one of two responses
(e.g., by pressing a left or right key). In such a
condition, responses are typically faster and more
accurate when the left circle is mapped to the left key
than the right key, and vice versa.

Furthermore, Roscoe et al. (1981) noted that controlreversal errors are attributable partly to confusion in
the figure-ground relationship between the aircraft
symbol and the artificial horizon. The inside-out
format display used by Cohen et al. (2001) was
monotone and did not provide a clear indication of
figure-ground segregation. With a small-sized aircraft
symbol, this factor could lead to confusion in the
figure-ground relationship and contribute to relatively
unstable performance of the non-pilots with the
display format. One of the purposes of the present
experiment was to exclude these possibilities and
examine performance of attitude maintenance with
the inside-out and outside-in display formats.

The SRC effect was tested in a flight environment by
Yamaguchi and Proctor (2006, Experiments 1 and 2),
in which participants’ task was to bank a simulated
aircraft 45° to the left or right in response to visual
stimuli appearing on the upper left or right corner of
the screen while monitoring the attitude display.
Yamaguchi and Proctor found reliable magnitudes of
SRC effects in the task, but performance of the
choice-reaction tasks was not significantly different
between the two displays using the inside-out and
outside-in formats.
In the present experiment, we also incorporated the
SRC tasks with visual and auditory stimuli as the
secondary tasks. It is widely accepted that the SRC
effect arises primarily from response-selection
processes, and the paradigm is often used as the
secondary task to evaluate variables manipulated for
the primary task would affect response-selection
processes (Proctor & Vu, 2006). Hence, manipulating
stimulus modality and S-R mapping allows
determination of whether the effect of display format
has a perceptual or cognitive basis through the
patterns of interactive effects these variables have
with display format.

Figure 1. The attitude displays used in the present
experiment; (a) inside-out, (b) outside-in

Method

Specifically, the inside-out and outside-in displays
used in the present experiment were essentially
identical, except for whether the artificial horizon or
the aircraft symbol moved (see Figure 1). Moreover,

Participants Forty undergraduate students at Purdue
University participated. All of them were non-pilots
and reported having no prior experience of flight
training or education.
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Stimuli and apparatus The apparatus consisted of a
personal computer with a 17-in monitor. A custom
application was constructed to present the primary
flight display (PFD; see Figure 1) and control the
experiment. The PFD (19 cm in width and 9 cm in
height) was composed of the artificial horizon and
the aircraft symbol. The upper portion of the display
was colored in light blue, representing the sky,
whereas the lower portion of the display was colored
in brown, representing the ground. The aircraft
symbol was a composite of white and black
rectangles. For the inside-out format display (see
Figure 1a), the aircraft symbol was stationary at the
center of the screen, and the artificial horizon rotated
and moved upward or downward according to the roll
and pitch of the aircraft, respectively. For the outsidein format display (see Figure 1b), the artificial
horizon was stationary on the screen, and the aircraft
symbol rotated and moved upward or downward
according to the roll and pitch of the aircraft.

For the secondary SRC tasks, the imperative stimuli
were lights and tones that could be presented during a
trial. The lights were rectangular stimuli (2.5 cm x
1.5 cm) colored in green that could appear on the left
or right of the screen, just above the PFD. The tones
were presented through headphones in the left or
right ear. The frequency of the tones was 880 Hz, and
the intensity was approximately 62 dB measured
at headphones.

The fluctuations in roll and pitch were produced by a
perturbation function, which consisted of the sum of
12 sinusoidal components. The parameters of the
function (amplitude, frequency, and phase shift) were
randomly generated at the beginning of each trial for
each participant. The frequency of each sinusoidal
function was derived as the inverse of its amplitude,
maintaining a constant velocity throughout trials.
Because the amplitude determined the frequency, the
amplitudes were generated in a way that the mean
variances of pitch and roll from the initial position of
the aircraft that were produced by the perturbation
function would be zero at the end of the trial.
Similarly, the initial roll and pitch angles were
randomly generated at the beginning of each trial.

Task and Procedure The experiment was conducted
individually in an isolated cubicle. The participant sat
in front of the computer and went through a tutorial
describing the tasks to be performed. The participant
held the yoke with both hands and was instructed to
place the index fingers on the left and right buttons
and the thumbs on the thumb rests on the grips of the
flight yoke. The participant wore headphones
throughout the experiment. Each participant
performed seven trials. The primary task was to
maintain the wings-level throughout the trial
(tracking task).

The flight yoke was located in front of the computer
screen at a distance of approximately 15 cm. The
distance between the left and right grips of the yoke
was approximately 28 cm. There were buttons located
on the back of each grip, facing toward the computer
screen. Participants controlled the simu-lated aircraft
by operating the yoke and made responses to the lights
or tones by pressing the buttons. They sat in front of
the screen at an unrestricted viewing distance of
approximately 60 cm.

On the first trial, the participant performed the
tracking task alone for five minutes. Deviations of
roll and pitch from the wings-level were recorded at
the sample rate of 20 Hz. On the second to fifth trials,
the participant responded to the light or tone stimuli
by pressing buttons equipped on the yoke, while
performing the tracking task. Each participant had
two separate trials for each stimulus type. In one of
the two trials, they pressed a button located on the
same side of the light or tone stimulus (the
compatible mapping trial), whereas in the other trial,
they pressed a button located on the side opposite to
the stimulus (the incompatible mapping trial). Hence,
there were four different conditions for SRC tasks.
The order of the conditions was counterbalanced.

According to a preliminary study, perception of the
display movement was significantly different between
the two display formats. Namely, because the aircraft
symbol occupied a much smaller portion of the display
than did the artificial horizon, it was more difficult to
detect changes in pitch and roll with the outside-in
format display than with the inside-out format display.
Because the focus of the present experiment was to
examine effects of the two display formats on
performance, it was desirable to avoid this influence
caused by different degrees of perceptual difficulty for
the two displays. Thus, two horizontal lines were
added to lessen the perceptual difference between the
displays (see Figure 1). The horizontal lines extended
from the left and right wings of the aircraft symbol
parallel to the horizon at the wings-level. As a result,
the two displays presented the pitch and roll
fluctuations in the same way as the relative position of
the horizontal lines to the artificial horizon.

The imperative stimuli (light or tone) occurred 132
times during each trial. The interval between two
imperative stimuli was randomly chosen between
1,000 ms to 2,800 ms with the increment of 200 ms
(i.e., 1,200 ms, 1,400 ms, … 2,800 ms). The stimuli
appeared until a response was made. A response was
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< .073 and .063, respectively). There were no other
significant differences between trials.

considered to be an error if the wrong button was
pressed. RT was the interval between stimulus onset
and depression of a button. On those trials, it was
emphasized that participants were to respond to
stimuli as fast and as accurately as possible, while
considering the tracking task as their priority.

6.5

inside-out
outside-in
6

RMSE for Roll

For the SRC tasks, the total length of a trial could
vary depending on the speed of responses to the
imperative stimuli. Thus, the perturbation function
was constructed so that the mean variances of roll
and pitch produced by the function would be zero at
each 30 s (zero-variance point), and the trial ended at
the first zero-variance point after response to the last
imperative stimulus. No participant exceeded six
minutes per trial.

5.5

5

4.5

4

3.5

The sixth trial was identical with the first trial, and
the seventh trial was the transfer condition, in which
participants performed the tracking task with a
different display format from that used in the
preceding six trials. Thus, those who performed the
first six trials with the inside-out display switched to
the outside-in display on the seventh trial, and vice
versa. The numbers of participants for the display
formats were equated.

1

2

3

4

5

6

7

Trial

Figure 2. RMSE as a function of trial and display
format for roll
Thus, the patterns indicate that tracking performance
improved over trials equally for the inside-out and
outside-in displays. Similarly, tracking performance
returned to the initial level when the display format
was changed. The return of performance level was
observed for the two displays to the same degree. A
similar pattern was obtained for pitch, especially for
the outside-in display group. RMSE for pitch with the
inside-out format showed a trend of linear increase
over trials, but the ANOVA did not reveal any
significant effect for pitch.

Results
Tracking Task Performance of the tracking task was
measured in terms of the root mean square errors
(RMSE) from the wings-level for both roll and pitch.
Mixed-design ANOVAs were conducted for roll and
pitch separately, with trial (1 through 7) as a withinsubject variable and display format (inside-out vs.
outside-in)
as a
between-subject
variable.
The significance level was set at .05 for the following
analyses.

SRC Task Trials for which RT was less than 100 ms
or greater than 1,500 ms were discarded, and mean
RT for correct responses and percentage errors (PE)
were computed for each participant. They were
submitted to ANOVA as a function of stimulus type
(visual vs. auditory; within-subject), mapping (compatible vs. incompatible; within-subject), and display
format (inside-out vs. outside-in; between-subject).
Due to the limitation in space, only the results of RT
are reported.

For roll (see Figure 2), the only significant effect was
a main effect of trial, F(6, 228) = 3.06, MSE = 4.23, p
< .007. Planned multiple comparisons (LSD) showed
that RMSE was significantly greater for the first trial
than those for the second to fifth trials (ps < .05), in
which the participants concurrently performed the
SRC task and the tracking task. The difference
between the first trial and sixth trial, in which the
participants performed only the tracking task, was
slightly above the significance level (p < .062). There
was no significant difference between the first and
seventh trial, in which the display format was
switched from the inside-out to the outside-in or vice
versa. RMSE for the seventh trial was greater,
however, than those for the fourth, fifth, and sixth
trials (ps < .05), while the differences from the
second and third trials were marginally significant (p

Main effects of stimulus type and mapping were
significant, F(1, 38) = 10.30, MSE = 7,790, p < .003,
and F(1, 30) = 72.23, MSE = 4,167, p < .001,
respectively. Responses were faster for visual stimuli
(M = 529 ms, SE = 17.03) than auditory stimuli (M =
574 ms, SE = 21.09). Responses were also faster for
the compatible mapping (M = 508 ms, SE = 17.98)
than the incompatible mapping (M = 595 ms, SE =
19.17), indicating the SRC effect.

779

were still faster with the outside-in display than with
the inside-out display, and responses to auditory
stimuli were still faster with the inside-out display than
with the outside-in display, whether the mapping was
compatible or incompatible.

No significant effect of display format was detected,
F(1, 38) = .11, MSE = 50,995, ns. However, display
format interacted with stimulus type, F(1, 38) = 6.98,
MSE = 7,790, p < .012. For the inside-out format, RT
was 542 ms (SE = 22.88) for visual stimuli and 550
ms (SE = 26.05) for auditory stimuli; the difference
was statistically insignificant, t(19) = .57, SE = 13.91,
ns. For the outside-in format, RT was 517 ms (SE=
25.22) for visual stimuli and 598 ms (SE= 33.18) for
auditory stimuli; the difference was statistically
significant, t(19) = 3.38, SE = 24.20, p < .003.

Discussion
The present research examined the effect of display
format on attitude maintenance performance for nonpilot participants. The results suggested that there was
no significant difference between the participants who
performed the tracking task with the inside-out format
and those who performed the task with the outside-in
format. There were similar decreases of RMSE over
trials for both participant groups, suggesting that
performance of novice pilots improves as quickly with
one display format as the other.

Another way to look at these patterns is that when
stimuli were visual, RT was faster for the outside-in
format than the inside-out format, but when stimuli
were auditory, RT was slower for the outside-in
format than the inside-out format. These results seem
to suggest that fewer attentional resources were
required for visual information with the outside-in
format than the inside-out format. They are consistent
with the previous report that the inside-out display
requires more attentional resources (Previc &
Ercoline, 1999).

Previc and Ercoline (1999) pointed out that, although
several facts imply advantages of the outside-in
display format, detrimental effects of switching from
the conventional inside-out display to the outside-in
display have to be considered. It has been suggested in
studies of skill training that the benefit of training is
maximized when the training environment closely
approximates the actual environment where the trained
skills are utilized, the specificity of training principle
(Healy, Wohldmann, Sutton, & Bourne, 2006).

In contrast, the results also suggest that participants
using the outside-in format were focused on visual
information and had more difficulty switching their
attention to auditory information than those using the
inside-out format. In other words, the more visual
attention resources were being consumed, the more
easily attention was switched to auditory information,
as though there is dissociation between modally
internal and external attention-resource mechanisms.

The present study showed that performance returned to
near the initial level when the display format was
switched to the other format on the transfer trial. It is
not clear whether this result was due to interference of
prior experience with a different display format or the
fact that trained maintenance skill was not transferred
between different formats. Nevertheless, the results
suggest that, for novice pilots, switching from
practiced display format to a new format causes
difficulty in performing the attitude maintenance task.

Finally, the interaction between display format and
mapping was not significant, F(1, 38) = .18, MSE =
4,187, ns, but that between stimulus type and
mapping was significant, F(1, 38) = 14.03, MSE =
1,370, p < .001. Furthermore, there was a 3-way
interaction among stimulus type, mapping, and
display format, F(1, 38) = 4.75, MSE = 1,370, p <
.036. For the inside-out format, the SRC effect was
57 ms for visual stimuli, t(19) = 3.39, SE = 16.73, p <
.003, and 126 ms for auditory stimuli, t(19) = 7.94,
SE = 16.07, p < .001. For the outside-in format, the
SRC effect was 73 ms for visual stimuli, t(19) = 5.99,
SE = 12.25, p < .001, and 92 ms for auditory stimuli,
t(19) = 4.46, SE = 20.57, p < .001.

On the other hand, the results of the SRC tasks
suggested that the display formats monitored to
maintain flight attitude had significant effects on the
secondary choice-reaction task performance. According to the present experiment, the inside-out display
seems to demand more visual attention than does the
outside-in display, as indicated by faster responses to
visual stimuli with the latter than with the former.
Also, though not reported here, analysis of PE
suggested that significantly more errors were made for
the inside-out display than for the outside-in display,
suggesting some benefits of using the outside-in
display as reported in Previc and Ercoline (1999).

Thus, the SRC effect was generally larger for auditory
than visual stimuli, but there was a larger increase in
SRC effect for auditory stimuli with the inside-out
format than with the outside-in format. This was due to
very rapid responses to auditory stimuli for the
compatible mapping condition with the inside-out
display. On the other hand, responses to visual stimuli
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In contrast, responses to auditory stimuli were slower
for the outside-in than for the inside-out display. This
result seems to indicate that use of the outside-in
display tends to keep pilots’ attention more on visual
modality. These outcomes are suggestive of how
signals should be presented for peripheral flight
operations. Namely, presenting visual signals on the
display would be more effective to draw attention
when the outside-in format display is being
monitored, whereas auditory signals or messages
would be better recognized when the inside-out
format display is being used.
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Finally, the differential effects of display format on the
secondary SRC tasks in the present study are in
contrast to the results obtained by Yamaguchi and
Proctor (2006), in which the SRC tasks were the
primary tasks. The difference may be due to the fact
that, as postulated by Patterson et al. (1997), switch
between two coordinate systems was involved to
perform the primary and secondary tasks for the
inside-out display but not for the outside-in display.
This interpretation is consistent with the observation
that, as indicated by the interactive effect of SRC with
display format, these two formats affected not only
perceptual processes but also response-selection
processes. From this perspective, mental translation of
the visual information on the inside-out display may be
responsible for slower responses to visual stimuli.
In conclusion, the present study provided some
advantages for use of the outside-in format for the
attitude display, such as faster responses to visual
signals and a lower rate of error responses, whereas
no clear differences from the inside-out format
display were obtained in attitude-maintenance
performance. More important, we observed that
transfer from one display format to the other can lead
to difficulty of performing the tracking task. With
limitations of the present method, there are several
important questions that are not answered in the
present research, including whether, if the return of
performance is due to cost of switching display
formats, switching interferes with flight operation
only for minutes or for days, whether the degree of
interference is considerable under actual flight
conditions, and whether return of performance level
can also be observed among trained pilots. These
issues need to be addressed in future studies.
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